MgZnO heterostructure light-emitting devices (LEDs) have been fabricated from p-Mg 0.35 Zn 0.65 O∕n-Mg 0.20 Zn 0.80 O structures, and the p-type Mg 0.35 Zn 0.65 O film was realized using a lithium-nitrogen codoping method. Obvious ultraviolet emission peaked at around 355 nm dominates the electroluminescence (EL) spectra of the device at room temperature, which comes from the near-band-edge emission of the n-type Mg 0.20 Zn 0.80 O film. This is the first report on MgZnO heterostructured LEDs and the shortest EL emission ever reported in ZnO-based p-n junction LEDs to the best of our knowledge. The electrical properties of the films were measured by a Hall system. The composition of the MgZnO layers was determined using energy dispersive x-ray spectroscopy (EDS). An AXIS Ultra DLD x-ray photoelectron spectroscope (XPS) has been employed to measure the doping concentration of the dopants. The photoluminescence (PL) spectra of the n-Mg 0.20 Zn 0.80 O films were recorded using the 325 nm line of an He-Cd laser as the excitation source, and those of the Mg 0.35 Zn 0.65 O layer were carried out under the excitation of the 266 nm line of a YAG:Nd laser. EL measurements of the heterostructured LEDs were carried out in a Hitachi F4500 spectrometer under the drive of a continuous-current power source.
Ultraviolet (UV) semiconductor photonic devices such as light-emitting devices (LEDs) and laser diodes have attracted considerable attention in recent years for their versatile applications such as efficient lighting, sterilization, water purification, medical diagnostics, and so forth [1, 2] . Because of its wide direct bandgap and large exciton binding energy, ZnO has been considered as one of the promising candidates for UV LEDs [3] [4] [5] . Some reports have demonstrated ZnO-based p-n junction LEDs recently [6] [7] [8] . Nevertheless, considering that efficient p-type doping of ZnO is still a huge challenge, many researchers have devotes effort to ZnO-based heterojunction LEDs by combining n-ZnO with other p-type materials, such as p-GaN [9] and p-SiC [10] , etc. It is accepted that due to the large difference in the physical properties and chemical bonding states of the two materials, surface defects will usually form at the interface, which will degrade the performance of the heterojunction LEDs drastically. Heterostructures constituted by alloyed semiconductors with different composition can ensure efficient carrier injection and confinement, thus they are effective in improving the performance of LEDs. Nevertheless, the reports on ZnO-based heterostructured LEDs are still very limited [11] [12] [13] . Another interesting character of ZnO lies in its tunable bandgap when alloyed with MgO, which implies that ZnO-based materials may find applications in shorter-wavelength LEDs [14] [15] [16] . However, the emissions of the ZnO-based LEDs reported so far are all located in the region longer than 375 nm, which corresponds to the near-band-edge emission of ZnO, while no report on shorter-wavelength ZnO-based LEDs can be found up to now.
In a previous study, reproducible p-type ZnO films have been realized, and reliable ZnO-based p-n junction LEDs that can operate continuously for several hours have been fabricated [17, 18] . In this Letter, by employing a lithium nitrogen (Li,N) The electrical properties of the films were measured by a Hall system. The composition of the MgZnO layers was determined using energy dispersive x-ray spectroscopy (EDS). An AXIS Ultra DLD x-ray photoelectron spectroscope (XPS) has been employed to measure the doping concentration of the dopants. The photoluminescence (PL) spectra of the n-Mg 0.20 Zn 0.80 O films were recorded using the 325 nm line of an He-Cd laser as the excitation source, and those of the Mg 0.35 Zn 0.65 O layer were carried out under the excitation of the 266 nm line of a YAG:Nd laser. EL measurements of the heterostructured LEDs were carried out in a Hitachi F4500 spectrometer under the drive of a continuous-current power source.
The electron concentration and [17, 20] , and it has been speculated that Li substituted Zn(Mg) (Li ZnMg ) acts as acceptors, while the incorporated N may passivate the interstitial Li donors to reduce the possible compensation to Li ZnMg acceptors.
The structural properties of the MgZnO films characterized by x-ray diffractometer (XRD) are shown in Fig. 1 . Only one strong peak at 34.61°and 34.69°can be observed from the patterns of the n-type and p-type layers, respectively, which reveals that both the films are crystallized in a hexagonal wurtzite structure with 0002 preferred orientation. The larger angle of the p-type layer than the n-type layer indicates higher Mg composition of the p-type layer, which is consistent with the EDS data.
To assess the optical properties of the MgZnO layers, absorption and PL spectra of these layers have been measured, the results of which are shown in Fig. 2 . One can see from Fig. 2(a) is very close to the PL peak of this layer (349 nm). Additionally, a broad emission at around 500 nm can also be observed from the EL spectra, which has been frequently observed in ZnO-based LEDs [15, 21] , and may come from the deep-level-related emission in ZnO-based materials. We note that the defects-related emission does not appear in the PL, while it does in the EL spectra of the heterostructure. The reason for the discrepancy may be as follows: In EL the recombination of electrons and holes occur at the p-Mg 0.35 Zn 0.65 O:Li; N∕n-Mg 0.20 Zn 0.80 O interface, while the interface usually has a relatively high defect density. Consequently, deep-level-related emission is observed in the EL spectra. Meanwhile, PL emission comes from the n-type or p-type layer but not from the interface, where the defect density inside the layers is usually much lower than that at the interface. As a result, in our case even though there is no defect-related emission in PL, defect-related EL emission has been observed. This is the first report on MgZnO heterostructured LEDs and the shortest EL emission ever reported in ZnO-based p-n junction LEDs to the best of our knowledge.
To In conclusion, MgZnO-based heterostructured LEDs have been realized from a p-Mg 0.35 Zn 0.65 O∶Li; N∕ n-Mg 0.20 Zn 0.80 O structure. Obvious emission peaked at around 355 nm has been observed from the heterostructure, which can be attributed to the near-band-edge emission of the n-type Mg 0.20 Zn 0.80 O layer. This is the first report on MgZnO heterostructured LEDs and the shortest EL emission ever reported in ZnO-based p-n junction LEDs to the best of our knowledge. The results reported in this paper may promise short UV or even deep ultraviolet LEDs from MgZnO-based materials. 
